The separation of ethylene-ethane mixtures represents an important industrial process, and is also considered as one of the most challenging chemical separations in the large scale because of the similar molecular sizes and volatilities between ethylene and ethane. 1 The current technology in industry is dictated by cryogenic distillation, which is cost and energy intensive due to the requirement of high pressure and low temperature. 2 Among several alternative approaches 3,4 under development for energy-efficient ethylene-ethane separation at higher temperatures (at or above room temperature), adsorptive separation using porous solid materials has attracted particular attention.
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Due to their high surface areas, tunable pore sizes, and functionalizable pore surfaces as well as the amenability of design and modular nature, metal-organic frameworks (MOFs) To provide a better understanding of the exceptional ethylene adsorption properties of MIL-101-Cr-SO 3 Ag, the isosteric heats of adsorption (Q st ) were calculated using the Clausius-Clapeyron equation by differentiation of the dual Langmuir-Freundlich fits of the isotherms at two different temperatures, 7c,8b 296 K and 318 K with T-dependent parameters. As shown in Fig. 3 , close to zero loading, the Q st for ethylene in MIL-101-Cr-SO 3 Ag is 63 kJ mol
À1
, remarkably higher than that of MIL-101-Cr-SO 3 H (10 kJ mol
). These results highlight the role of introducing Ag(I) ions in further boosting the interactions with ethylene molecules that stem from the formation of the p-complexation bonding between the d orbital of Ag(I) and the p* orbital of carbon-carbon double bonds in ethylene. 12 In contrast to the high Q st for ethylene, MIL-101-Cr-SO 3 Ag shows a significantly lower Q st for ethane with a value of 16 kJ mol À1 (Fig. S6 , ESI †);
Scheme 1 Schematic illustration of Ag(I) exchange in MIL-101-Cr-SO 3 H to afford MIL-101-Cr-SO 3 Ag. To further understand the interactions of ethylene-Ag(I) ion and ethylene-Cr(III) OMS, we used electronic structure calculations to estimate the bond length between ethylene and Ag(I) as well as the bond length between ethylene and Cr(III). A (C 6 H 3 (CO 2 ) 2 )SO 3 Ag cluster was considered for this calculation since it is expected that MIL-101-Cr-SO 3 Ag contains this moiety. Starting with the sulfonyl terephthalate unit, a silver ion was placed in proximity to the oxygen atoms of the sulfonate group. The Ag(I) ion was optimized to an energetically favorable position within the cluster. Afterwards, an optimized ethylene molecule was placed in proximity to the Ag(I) ion in the (C 6 H 3 (CO 2 ) 2 )SO 3 Ag cluster. The optimization of the C 2 H 4 -Ag(I) interaction was executed using the DFT method. It was observed that the distances between the Ag(I) ion and the carbon atoms of the C 2 H 4 molecule were found to be 2.18 and 2.19 Å (Fig. 5a) . A similar calculation was performed between the ethylene molecule and the Cr(III) OMSs, and the optimized C 2 H 4 -Cr(III) distances were observed to be 2.54 and 2.55 Å (Fig. 5b) . These results suggest that the interactions between ethylene and Ag(I) are much stronger than those between Cr(III) OMSs and they should contribute dominantly to the high adsorption selectivity of MIL-101-Cr-SO 3 Ag for ethylene-ethane.
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